Triphenyltin bis(A^-dimethyldithiocarbamoyl)acetate forms 1/1 molecular adducts with hexamethylphosphoramide and triphenylphosphine oxide in which the tin atoms show transtrigonal bipyramidal coordination. The compounds constitute unusual examples of molecular complexes of triorganotin carboxylates.
Introduction
Triphenyltin /V,7V-dimethyldithiocarbamoylacetate crystallizes from either ethanol or toluene as an anhydrous carboxylate-bridged compound [1] , The homologous bis(W,7V-dimethyldithiocar-bamoyl)acetate crystallizes from ethanol as a 1/1 ethanol adduct [2] , and from toluene as a dihydrate in which water engages in both inner-and outer-sphere coordination to tin [3] . In continuation with the studies on the coordination complexes of triorganotin carboxylates, triphenyltin hydroxide has been condensed with bis(jV,7V-dimethyldithiocarbamoyl)acetic acid in ethanol medium in the presence of phosphine oxides (hexamethylphosphoramide and triphenylphosphine oxide) to give 1/1 phosphineoxide adducts, whose crystal structures are described here.
Experimental
Bis(jV,jV-dimethyldithiocarbamoyl)acetic acid was synthesized from sodium AfjV-dimethyldithiocarbamate and sodium dichloroacetate [4] , Equimolar amounts of the acid and triphenyltin hydroxide were heated in a small volume of ethanol until the reactants had dissolved; an excess of hexamethylphosphoramide (HMPA) was then added to the solution. The filtered solution when cooled slowly yielded the HMPA adduct (I) as transparent plates. A stoichiometric amount of triphenylphosphine oxide (TPPO) in place of HMPA gave the TPPO complex (II).
A specimen of (I), 0.29 χ 0.22 χ 0.07 mm, was used for the measurements on an Enraf-Nonius CAD4 diffractometer (Μο-ΑΓα radiation, 0.71073 Ä). Cell constants were calculated from the 25 strongest reflections in the 14°s θ <; 15° range. The 7429 reflections were measured by ω-2θ scans up to 2Θ = 50° (index ranges: 0 <; h <; 13, -15 <; k ζ 16, -16 < I < 17) [5] .
The data were corrected for a decay of 8.6% and also for absorption effects (T m JT max = 0.8896/0.9995) [6] , and averaged to give 6963 independent (R ml = 0.0199) data. The data were reduced to F* values [7] for solution by the Patterson method [8] and refinement by full-matrix least-squares [9] . The three P-bonded dimethylamino groups are disordered over two positions, and their Ν and C atoms were refined isotropically with distance constraints (P-N = 1,65±0.02, C-N = 1,48±0.02 Ä). Hydrogen atoms were generated and they rode on their parent C-atoms with temperature factors 1.5 times those of their parent atoms. Refinement over all data for 18 restraints and 406 parameters converged with a shift-to-error ratio of less than 0.001 to a weighted R index of 0.0577 (S= 1.018); R = 0.0425 for 5664 / ; > 2a(I) reflections. The final difference map was diffuse, with peaks between -0.510 and 0.675 eA' 3 only. Atomic coordinates and equivalent isotropic temperature factors are listed in Table 1 . The structure is shown as an ORTEP [10] (3) 1148 (3) 4846 (2) 2460 (2) 68 (
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The colorless plate of (II) measured 0.58 χ 0.43 χ 0.07 mm. Cell constants were calculated from 25 reflections in the 11 ° <; θ * 12° range. The 8137 reflections were collected by ω scans up to 2Θ = 50° (index ranges: -20 <. h <z 18, 0 <; A: * 17, 0 <; / <; 22). The data were corrected for absorption (T m JT mm = 0.7714/1.0000) [6] and averaged to give 7545 independent reflections (/? im = 0.0215). The carboxylato anion was disordered over two positions but shared a common esteryl 0(1) atom. One was refined with a 2/3 site occupancy, and the atoms were anisotropically refined. The other 1/3 site occupancy part was refined isotropically with constraints: C(19)-0(l) = 1.30±0.01, C(19)-0(2) = 1.25±0.01, C(19)-C(20) = 1.55±0.01, N-C = 1.45±0.01 Ä. The disorder affected the other parts of the structure, and all phenyl rings had to be refined as rigid rings. Η-atoms were also generated geometrically. The refinement with 15 restraints and 484 parameters converged with a shift-to-error ratio of 0.001 to R = 0.0766 and S = 1.044; R = 0.0478 for 5527 I > 2a(I) data. The final difference map had peaks between -0.385 and 0.816 eA" 3 . Atomic coordinates and equivalent isotropic temperature factors are listed in Table 2 . The atom numbering scheme for (II) is illustrated in Fig. 2 . (2) 4509 (2) 1280 (2) 4105 (2) 55(1) C (3) 4686 (2) 1252 (3) 4893 (2) 71 (2) 0(4) 4173 (3) 741 (3) 5175 (1) 76 (2) 0(5) 3484 (3) 258 (3) 4669 (2) 88 (2) 0(6) 3307 (2) 286 (2) 3880 (2) 67 (2) 0(7) 2116 (2) 1021 (2) 1805 (2) 45 (1) 0(8) 1760 (2) 767 (3) 1033 (2) 74 (2) 0(9) 891 (2) 864 (3) 626 (2) 101 (2) 0(10) 376 (2) 1214 (3) 991 (3) 96 (2) C(ll) 732 (2) 1468(3) C (12) 1602 (2) 1371(3) C (13) 4025 (2) 1054(2) C (14) 4655 (2) 498(2) C (15) 4935 (2) 641(3) C (16) 4585 (3) 1340 (3) C (17) 3954 (3) 1896 (2) C (18) 3674 (2) 1753 ( (2) 63 (2) 1545(2) 42 (1) 1471(2) 58 (1) 869(2) 78 (2) 342(2) 76 (2) 416(2) 73 (2) 1017(2) 60 (1) 2621(11) 47 (6) 2878(4) 38 (2) 3132(6) 48 (2) 3415(9) 102 (5) 2073(10) 77 (6) 2105(9) 53 (3) 2780(9) 88 (5) 1385(8) 104 (5) 2591(25) 54 (15) 2149(10) 57 (4) 2882(11) 40 (6) 3595(15) 89 (11) 2149(17) 95 (18) 1867(16) 67 (12) 2749(14) 66 (9) 1367(17) 124(17) 1845 (2) 45(1) 1690 (2) 62(2) 966 (2) 77(2) 396 (2) 76 (2) 551(2) 68 (2) 1276(2) 56 (1) 3349(2) 45 (1) 3665(2) 57 (1) 4151(2) 71 (2) 4321(2) 76 (2) 4005(2) 79 (2) 3519(2) 60 (2) 3255(2) 44 (1) 4011(2) 62 (2) 4435(2) 67 (2) 4103(2) 68(2) 3347 (2) 77 (2) 2923(2) 62 (2) U eq is defined as one third of the trace of the orthogonalized i/ (J tensor.
Results and discussion
Triphenyltin bis(AyV-dimethyldithiocarbamoyl)acetate yields 1/1 molecular complexes with HMPA ( Fig. 1) and TPPO (Fig. 2) . The tin atom in each of the complexes exists in a irara-trigonal bipyramidal geometry, with the /pso-carbon atoms of the phenyl groups occupying the equatorial, and the oxygen ends of the carboxylato anion and phosphine-oxide donor the apical sites in (I) and (II).
In (I), the triphenyltin girdle is perfectly planar (EC-Sn-C = 359.9(6)°) and the tin-oxygen bonds distances are relatively equal (Sn-0 = 2.156(3), Sn<-0 = 2.283(3) Ä), so that the coordination polyhedron around the tin atom is a relatively undistorted trigonal bipyramid. In coordinating to the tin atom, the HMPA ligand folds its dimethylamino groups away from the organotin molecule, so that the tin-oxygen-phosphorus skeleton is nearly linear (Sn<-0=P = 167.8(2)°). In (II), the triphenyltin girdle is somewhat less planar (EC-Sn-C = 358.1(3)°). More importantly, two carbon-tin-carbon angles are squeezed (107.2(1), 111.7(1)°) whereas the third is widened considerably (139.2(1)°). The geometry at tin is severely distorted. When viewed along the Sn(l)-P(l) vector, the triphenyltin and triphenylphosphorus groups are staggered. The tin-oxygen-phosphorus skeleton is forced to adopt a bent configuration (Sn<-0=P = 155.8(2)), an arrangement that reflects the minimal crowding of the phenyl rings as well as the propensity of the phosphorus atom to disperse the positive charge [11] , Crowding in (II) is also reflected in a longer dative bond (2.387(3) Ä).
The dative bond distances in both adducts are shorter than that (2.391(4) Ä) found in the triphenylphosphine oxide complex of the triphenyltin chloride [12] , implying that the bis(vV,jVdimethyldithiocarbamoyl)acetato anion possesses a electron-withdrawing ability comparable with that of the chloride anion in triphenyltin chloride. The covalent tin-oxygen distances are similar to those found in carboxylate-bridged triphenyltin alkanoates [13] , compounds that do not generally yield complexes with oxygen-donor ligands as these are coordinately saturated compounds. Triphenyltin trichloroacetate is, however, sufficiently Lewis acidic to allow the isolation of a 1/1 methanol adduct; the molecules are linked by hydrogen bonds into an infinite chain in the crystal structure [14] . On the other hand, triphenyltin alkanoates that are less Lewis acidic, but which possess Lewis basic sites in the carboxylato anion, can crystallize as hydrates in which the coordinated water molecule forms hydrogen bonds to these sites [3] . The present HMPA and TPPO adducts represent unusual examples of molecular complexes of triorganotin esters. 
